Seventy isolates were obtained from a marine electroactive biofilm that was generated on a cathodically polarized stainless steel electrode (Genoa, Italy). The genetic diversity was investigated by means of BOX-PCR fingerprinting and two clusters of isolates with similar BOX-PCR profiles were delineated. Whole-cell fatty acid methyl ester analysis and 16S rRNA gene sequence analysis showed that the isolates belonged to the Roseobacter lineage of the class Alphaproteobacteria. DNA-DNA hybridization experiments and a biochemical analysis demonstrated that four isolates belonged to the species Ruegeria mobilis. However, 66 isolates from the second BOX-PCR cluster constituted a novel species within the genus Ruegeria, for which the name Ruegeria scottomollicae sp. nov. is proposed. The DNA G+C content was 61.0±0.4 %. The type strain is LMG 24367 T (5CCUG 55858 T ).
Seventy isolates were obtained from a marine electroactive biofilm that was generated on a cathodically polarized stainless steel electrode (Genoa, Italy). The genetic diversity was investigated by means of BOX-PCR fingerprinting and two clusters of isolates with similar BOX-PCR profiles were delineated. Whole-cell fatty acid methyl ester analysis and 16S rRNA gene sequence analysis showed that the isolates belonged to the Roseobacter lineage of the class Alphaproteobacteria. DNA-DNA hybridization experiments and a biochemical analysis demonstrated that four isolates belonged to the species Ruegeria mobilis. However, 66 isolates from the second BOX-PCR cluster constituted a novel species within the genus Ruegeria, for which the name Ruegeria scottomollicae sp. nov. is proposed. The DNA G+C content was 61.0±0.4 %. The type strain is LMG 24367 T (5CCUG 55858 T ).
The genus Ruegeria was created by Uchino et al. (1998) to accommodate the generically misclassified species Agrobacterium atlanticum, Agrobacterium gelatinovorum and Roseobacter algicola, with Ruegeria atlantica as the type species. This genus comprises marine, aerobic, Gram-negative, catalasepositive, oxidase-positive rods. Subsequently, Arahal et al. (2005) reclassified Ruegeria gelatinovorans as Thalassobius gelatinovorus and Martens et al. (2006) restricted the genus Ruegeria to its type species by transferring Ruegeria algicola to the genus Marinovum. More recently, Yi et al. (2007) transferred the two species of the genus Silicibacter [Silicibacter lacuscaerulensis (Petursdottir & Kristjansson, 1997) and Silicibacter pomeroyi (González et al., 2003) ] to the genus Ruegeria; Ruegeria mobilis and Ruegeria pelagia were also described (Lee et al., 2007; Muramatsu et al., 2007) . At the time of writing, the genus Ruegeria comprised five recognized species, i.e. Ruegeria atlantica, Ruegeria pomeroyi, Ruegeria lacuscaerulensis, Ruegeria pelagia and Ruegeria mobilis, although the assignation of Ruegeria pomeroyi and Ruegeria lacuscaerulensis is controversial (Muramatsu et al., 2007) .
The present taxonomic study was performed in the context of the analysis of the microbial population present in a marine, electroactive biofilm [EA BIOFILMS-508866 (NEST)], generated on a stainless steel cathode that was exposed to natural seawater at the ISMAR-CNR that is located in the port of Genoa, Italy (Faimali et al., 2008; Vandecandelaere et al., 2008) . The biofilm was removed from the stainless steel cathode by sonication (Branson 3200 sonicator) for 90 s in a sterile plastic tube containing 30 ml 0.85 % NaCl solution. Diluted cell suspensions (10 21 to 10 26 ) were spread onto marine agar 2216 (MA; Difco) for aerobic incubation at 20 u C for several days. Pure cultures were obtained and the isolates were stored at 220 or 280 u C using Microbank vials.
DNA was extracted from the 70 isolates as described by Pitcher et al. (1989) and the genetic diversity was investigated by means of repetitive DNA-PCR fingerprinting using the BOX-A1R primer (59-CTACGGCAAGGCGACGCTGACG-39) (Rademaker et al., 2000; Versalovic et al., 1994 representing 66 isolates sharing at least 76 % profile similarity (see Supplementary Fig. S1 , available in IJSEM Online). A numerical analysis of the BOX-PCR fingerprints of BOX-PCR cluster 1 isolates and of a selection of BOX-PCR cluster 2 isolates is shown in Fig. 1 . In both BOX-PCR clusters, but especially in BOX-PCR cluster 2, some isolates exhibited almost identical DNA profiles, indicating that they probably originated from the same strain. In contrast, both clusters also comprised isolates with clearly distinguishable profiles, suggesting the presence of multiple strains.
All isolates were examined using whole-cell fatty acid methyl ester analysis (Mergaert et al., 2001 ) and were tentatively identified as alphaproteobacteria. The dominant fatty acids of the 70 isolates were C 10 : 0 3-OH (4.9±1.0 %), 11-methyl C 18 : 1 v7c (3.4±1.4 %), C 16 : 0 (1.8±0.5 %), C 16 : 0 2-OH (6.0±0.8 %), C 18 : 1 2-OH (3.9±0.8 %), C 18 : 1 v7c (73.8± 2.5 %) and an unknown fatty acid with an equivalent chain length of 11.799 (4.1±0.8 %). In general, the same types and proportions of fatty acids were present in both BOX-PCR clusters, with the exception of C 12 3-OH (1.4±0.9 %) and C 18 : 0 (1.3±0.6 %), which were only detected in BOX-PCR cluster 1 isolates.
Isolates from both BOX-PCR clusters were selected for 16S rRNA gene sequencing on the basis of their BOX-PCR profiles as we looked for the ones with the most different DNA profiles (Fig. 1) . Almost-complete 16S rRNA gene sequences (1343-1403 bp) were obtained for representatives of BOX-PCR cluster 1 (LMG 24371 and LMG 24372) and of BOX-PCR cluster 2 (LMG 24367 T and LMG 24368) using the universal primers pA (59-AGAGTTTGATCCT-GGCTCAG-39) and pH (59-AAGGAGGTGATCCAGCC-GCA-39) (Edwards et al., 1989) , as described previously (Mergaert et al., 2001) . A partial 16S rRNA gene sequence (430 bp) was obtained for a BOX-PCR cluster 1 isolate (R-28052) and partial 16S rRNA gene sequences ranging from 331 to 414 bp were obtained for six isolates of BOX-PCR cluster 2 (R-28698, R-28710, R-28733, R-28795, R-28799 and R-28807) by using the universal primer pD (59-GTATTACCGCGGCTGCTG-39), as described by Coenye et al. (1999) (data not shown). The FASTA program was used to search the public databases for the sequences most similar to those of LMG 24371, LMG 24372, LMG 24367 T and LMG 24368. These 16S rRNA gene sequences were aligned using CLUSTAL_X (Thompson et al., 1997) and edited using BioEdit (Hall, 1999) and ForCon (Raes & Van De Peer, 1999) . A neighbour-joining dendrogram was constructed (Saitou & Nei, 1987) using TREECON (Van De Peer & De Wachter, 1994) (Fig. 2) . The tree topology was confirmed by using maximum-parsimony and maximumlikelihood analyses (data not shown).
The 16S rRNA gene sequence similarities between the three representatives of BOX-PCR cluster 1 (LMG 24371, LMG 24372 and R-28052) were high, ranging from 99.2 to 99.9 %. These data suggested that BOX-PCR cluster 1 isolates belong to the same species (Stackebrandt & Ebers, 2006) and confirmed that isolates with very similar BOX-PCR profiles are closely related (Rademaker & De Bruijn, 1997 ) was more distant, as 16S rRNA gene sequence similarities of 96.1-96.6 % were detected (Fig. 2) .
The eight representatives of BOX-PCR cluster 2 (LMG 24367 T , LMG 24368, R-28698, R-28710, R-28733, R-28795, R-28799 and R-28807) were also closely related: 16S rRNA gene sequence similarities ranging from 99.7 to 100 % were detected, strongly suggesting that BOX-PCR cluster 2 isolates belong to the same species (Stackebrandt & Ebers, 2006 T and Ruegeria mobilis CIP 109181 T ) were low (ranging from 8±6 % to 30±2 %), indicating that BOX-PCR cluster 2 isolates represent a novel species within the genus Ruegeria.
The DNA G+C contents (mol%) of strains LMG 24371 and LMG 24372 (BOX-PCR cluster 1) and of strains LMG 24367 T and LMG 24368 (BOX-PCR cluster 2) were determined. DNA was enzymically degraded into nucleosides as described by Mesbah et al. (1989) . The nucleoside mixture obtained was then separated using a Water Breeze HPLC system and an Xbridge Shield RP18 column thermostabilized at 37 u C. The solvent used was 0.02 M NH 4 H 2 PO 4 (pH 4.0) with 1.5 % acetonitrile. Non-methylated lambda phage (Sigma) and Escherichia coli LMG 2093 DNA were used as calibration reference and control, respectively. The DNA G+C content for strains LMG 24371 and LMG 24372 (BOX-PCR cluster 1) was 59.0±0.5 mol% and that for strains LMG 24367 T and LMG 24368 (BOX-PCR cluster 2) was 61.0±0.4 mol%; both values are within the range for established species of the genus Ruegeria (González et al., 2003; Lee et al., 2007; Muramatsu et al., 2007; Petursdottir & Kristjansson, 1997; Uchino et al., 1998) .
Strains LMG 24371 and LMG 24372 (BOX-PCR cluster 1) and strains LMG 24367
T and LMG 24368 (BOX-PCR cluster 2) were investigated with regard to various morphological, physiological and biochemical characteristics. Colony morphology was determined after 4 days incubation at 20 uC on MA. Cells were tested for their Gram reactions and their catalase and oxidase activities. Growth on nutrient agar (NA), trypticase soy agar (TSA), R2A and peptone/yeast extract/glucose agar (Tan & Rüger, 1999) was determined. The optimal salinity was determined using R2A supplemented with 1-20 % NaCl and incubated for 2 weeks at 20 u C. The optimal growth temperature was determined using MA incubated at 4-45 u C for 2 weeks. The effect of pH on growth was analysed using marine broth 2216 (Difco) at pH 5.0-10.0 (with increments of 0.5 pH units) incubated at 20 u C for 7 days.
Degradation of casein and chitin (Reichenbach & Dworkin, 1981) , DNA [using Difco DNA agar, containing 0.01 % toluidine blue (Merck)], starch and L-tyrosine (Barrow & Feltham, 1993 ) was tested; reactions were read after 5 days incubation at 20 u C. To determine their lipolytic activity, the isolates were inoculated on Sierra's medium and incubated for 10 days at 20 u C (Sierra, 1957) .
Susceptibility to the following antibiotics (from Oxoid) was tested on MA plates by using the disc diffusion method: cefoxitin (30 mg), gentamicin (30 mg), erythromycin (15 mg), streptomycin (25 mg), tetracycline (30 mg), vancomycin (30 mg), trimethoprim (1.25 mg) and clindamycin (2 mg). Results were read after 5 days incubation at 20 u C.
Biochemical characteristics covered by the commercial microtest galleries API ZYM and API 20NE were assessed according to the instructions of the manufacturer (bioMérieux). API ZYM was read after 4 h incubation at 20 u C and API 20NE was read after 48 h incubation at 20 u C.
The cell morphologies of strains LMG 24371 (BOX-PCR cluster 1) and LMG 24367 T (BOX-PCR cluster 2) were determined by means of transmission electron microscopy. Cells were negatively stained with 2 % uranyl acetate. Ultrathin sections were prepared and analysed as described by Mast et al. (2005) (Fig. 3) . Cells of LMG 24371 were found to be rod-shaped (0.861.4 mm) and flagellated (having single polar flagella). Poly-b-hydroxybutyrate inclusion bodies were observed for only a minority of cells.
The results of the phenotypic analysis are summarized in Table 1 . Isolates in BOX-PCR cluster 2 could be easily distinguished from established Ruegeria species on the basis of their phenotypic features. We conclude that the BOX-PCR cluster 2 isolates represent a novel species within the genus Ruegeria, for which the name Ruegeria scottomollicae sp. nov. is proposed. The BOX-PCR cluster 1 isolates were identified as belonging to the species Ruegeria mobilis.
Description of Ruegeria scottomollicae sp. nov.
Ruegeria scottomollicae (scot.to9mol.li.cae. N.L. gen. n. scottomollicae in honour of Dr Victoria Scotto-Mollica and Dr Alfonso Mollica, both of whom were pioneers in the field of microbe-induced corrosion of steels and the generation of electroactive seawater biofilms).
Cells are Gram-negative, ovoid rods (161.3 mm). Motile (each cell having two polar flagella). Long, slender, fibrillar extensions from the cell surface and poly-b-hydroxybutyrate inclusion bodies are observed (Fig. 3) . Colonies are round, beige and 2 mm in diameter after 4 days incubation on MA at 20 u C. Growth occurs after 2 days at 20 u C on MA and after 5 days on TSA. Weak growth occurs on R2A and NA. No growth occurs on peptone/yeast extract/ glucose agar. The temperature range for growth is 4-40 u C; growth at 40 uC is weak. No growth occurs at or above 45 u C. The NaCl range for growth is 1-15 %; no growth occurs at or above 16 % NaCl. The pH range for growth is 5-9; the optimal pH for growth is 6.5-8. and oxidase activities. Degrades tyrosine, Tween 80 and aesculin, but not DNA, starch, chitin, casein or gelatin. Activity is observed for leucine arylamidase, alkaline phosphatase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and N-acetyl-b-glucosaminidase. Weak activity is detected for the following enzymes: esterase (C4), esterase lipase (C8), a-galactosidase and a-glucosidase. No activity is observed for valine arylamidase, b-glucuronidase, b-glucosidase, a-mannosidase, lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, arginine dihydrolase, urease, bgalactosidase or a-fucosidase. Nitrate is not reduced to nitrite or to nitrogen. Indole is not produced and glucose is not fermented. The following are not assimilated: D-glucose, Larabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malate, citrate and phenylacetic acid. Susceptible to streptomycin (25 mg) and cefoxitin (30 mg), moderately susceptible to erythromycin (15 mg) and gentamicin (30 mg) and resistant to tetracycline (30 mg), vancomycin (30 mg), trimethoprim (1.25 mg) and clindamycin (2 mg). Major fatty acids are C 10 : 0 3-OH, 11-methyl C 18 : 1 v7c, C 16 : 0 , C 16 : 0 2-OH, C 18 : 1 2-OH, C 18 : 1 v7c and an unknown fatty acid with an equivalent chain-length of 11.799. All other fatty acids detected are present in trace amounts. The DNA G+C content is 61.0±0.4 mol%.
The type strain, LMG 24367 T (5CCUG 55858 T ), was isolated from a marine, electroactive biofilm in Genoa, Italy. A second isolate with a different BOX-PCR profile is LMG 24368. Muramatsu et al. 2007 The description is as given by Muramatsu et al. (2007) , but with the following additions. Susceptible to streptomycin (25 mg) and cefoxitin (30 mg), moderately susceptible to erythromycin (15 mg) and resistant to trimethoprim (1.25 mg), tetracycline (30 mg), vancomycin (30 mg), The description is as given by Petursdottir & Kristjansson (1997) and Yi et al. (2007) , but with the following additions. Susceptible to cefoxitin (30 mg), moderately susceptible to erythromycin (15 mg) and resistant to vancomycin (30 mg), trimethoprim (1.25 mg), clindamycin (2 mg) and gentamicin (10 mg).
Emended description of Ruegeria mobilis
Emended description of Ruegeria atlantica (Rü ger and Hö fle 1992) Uchino et al. 1999 The description is as given by Rüger & Höfle (1992) , Uchino et al. (1998) , Martens et al. (2006) , Muramatsu et al. (2007) and Yi et al. (2007) , but with the following additions. Susceptible to cefoxitin (30 mg), vancomycin (30 mg) and streptomycin (25 mg), moderately susceptible to erythromycin (15 mg) and resistant to trimethoprim (1.25 mg), tetracycline (30 mg), gentamicin (10 mg) and clindamycin (2 mg). The description is as given by González et al. (2003) and Yi et al. (2007) , but with the following additions. Susceptible to cefoxitin (30 mg), erythromycin (15 mg), gentamicin (10 mg) and streptomycin (25 mg), moderately susceptible to tetracycline (30 mg) and resistant to trimethoprim (1.25 mg), vancomycin (30 mg) and clindamycin (2 mg). Ruegeria scottomollicae sp. nov.
